We briefly review results of a recent calculation of the leading two-loop corrections to the Higgs boson mass in the Minimal R-symmetric Supersymmetric Standard Model.
Introduction
The Standard Model of Particle Physics, despite its success at describing most of the available experimental data, cannot be the fundamental theory of Nature. Phenomena such as the existence of dark matter or the anomalous magnetic moment of the muon call for its extension. These questions could be addressed by supersymmetry, and for many the Minimal Supersymmetric Standard Model (MSSM) is the theory of choice. But despite a very successful Run 1, no sign of supersymmetry was found at the LHC. Therefore, one has to consider the possibility that low scale SUSY, if it is realized in Nature, might not be realized in the minimal way. This generated a lot of interest in both simple extensions of the MSSM, like the NMSSM, and more involved but arguably theoretically better motivated, like for example the Minimal R-symmetric Supersymmetric Standard Model (MRSSM). The latter one, proposed in Ref. [1] in the context of ameliorating the flavor problem of the MSSM, looks also very promising from the point of view of Higgs physics.
The Higgs sector of this model was worked out in Refs. [2, 3] . This included calculations of full one-loop and partial two-loop corrections to the mass spectrum. In this work, we summarize briefly results of the two-loop analysis.
Model definition
A distinctive feature of the MRSSM is the presence of a global U(1) symmetry, called R-symmetry, under which Grassmann coordinates θ are charged. This implies that in an R-symmetric theory, different component fields of the corresponding superfield have different R-charges. Table I shows the field content of the MRSSM together with R-charge assignment. Since this assignment forbids the existence of MSSM-like µĤ u ·Ĥ d term in the superpotential along with soft-breaking gaugino masses, the MSSM field content is extended by R-Higgs weak iso-doubletsR u,d and gauge-adjoint chiral superfieldsŜ,T andÔ (respectively for U(1), SU(2) and SU(3) gauge groups). The superpotential for the model is then given by
Bilinear terms are the replacement for the forbidden µĤ u ·Ĥ d term. The Λ, λ-terms are similar to the usual Yukawa terms, where theR-Higgs andŜ orT play the role of the quark/lepton doublets and singlets. Additionally, one is allowed to add Dirac gaugino mass terms pairingB,W a andg a with fermionic components ofŜ,T andÔ.
TABLE I
The R-charges of the superfields and the corresponding bosonic and fermionic components.
In the scalar sector, after the electroweak symmetry breaking, (neutral) scalar components ofĤ d ,Ĥ u ,Ŝ andT acquire vevs, which are parametrized as
CP-even components {φ d , φ u , φ S , φ T } mix giving rise to 4 physical scalar Higgs bosons. For m S and m T 1 TeV, the lightest Higgs mass is always lower than in the MSSM due to the mixing, requiring large radiative corrections to reach the measured value.
In Ref. [2] , it was shown that for values of Λ u smaller than −1, it is possible to obtain a Higgs boson mass of around 125 GeV. This posed a question about the importance of higher order corrections, which we address in the next section.
Leading two-loop corrections to the lightest Higgs boson mass
Two-loop corrections to the Higgs boson mass in the MRSSM are interesting as it is the first time when they become sensitive to pure-QCD sector of the model, namely to sgluons and gluinos. The relevant contributions in the effective potential approximation are depicted in Fig. 1 , with relevant vertices shown in Fig. 2 . The corresponding analytic expresion reads
where functions f are defined in Ref. [4] . The correction to the φ u φ u element of the Higgs mass matrix is then given by 1
eff .
Its impact is shown in Fig. 3 for one of the benchmark points of Ref. [3] . One sees that without the sgluon contribution, the result is similar to the case in MSSM without stop mixing (as there is no stop mixing in the MRSSM). The sgluon contribution is always positive and apart from a region of parameter space where the gluino is light (below 1 TeV), the total contribution form sgluon and gluino drives Higgs mass upwards. In total, two-loop corrections in the DR scheme are usually positive and push the Higgs mass up by around +5 GeV as shown in the left panel of Fig. 4 . Their inclusion allowed to modify the original benchmark points of Ref. [2] , reducing the values of |Λ u | superpotential coupling. The right panel of Fig. 4 shows Higgs-and W -boson masses in the Λ u -µ u plane, where the star denotes the aforementioned benchmark point with and without twoloop corrections (black and white star, respectively). It should be stressed that an inclusion of these corrections pushes the benchmark point towards the region favored by the constraints from W -boson mass measurements (given by dashed contours), therefore reducing the tension between these two observables. ) . The white star corresponds to the original benchmark point of Ref. [2] , the black one to the adopted point of Ref. [3] .
Summary
In this note, we have reviewed recent calculation of leading two-loop corrections to the lightest Higgs boson mass in the Minimal R-symmetric Supersymmetric Standard Model. Their addition allows to reduce size of the superpotential coupling |Λ u | by around 10%, reducing the slight tension between predicted Higgs-and W -boson masses. It also showed the importance of the sgluon contribution, and its strong parametric dependence on Dirac gluino mass parameter M D O .
